INTRODUCTION
Human milk is the physiologic norm for nutrition of healthy full-term and near-term infants. Based upon the compelling health, nutritional, immunologic, developmental, psychological, social, economic, and environmental benefits of breastfeeding, the American Academy of Pediatrics (AAP) recommends breastfeeding exclusively for approximately the first 6 months after birth. 1 Most of the benefits of human milk extend to sick or prematurely born neonates, 2 despite certain limitations of human milk for infants weighing less than 1800 grams. 3 The use of breastmilk in premature infants has been reported to be associated with significant reductions in mortality and morbidity, reduced rates of necrotizing enterocolitis, decreased lengths of hospital stays, reduced health care costs, and improved cognition. 1 One author reported a lower rate of outpatient infections in premature infants receiving breastmilk after discharge. 4 Previous reports from single institutions have revealed that neonatal intensive care unit (NICU) breastfeeding rates are significantly lower than the general community. 5 -10 The availability of a large administrative database allowed us to analyze multiple factors that are associated with breastmilk use in NICUs across the United States. Our goal was to determine overall rates of breastmilk use for neonates at the time of discharge from NICUs, with particular emphasis on variation by site of care, while controlling for other factors. If site was found to have a significant effect on rates of breastmilk feeding, we intended to visit high-and low-performance sites to identify meaningful differences in processes. Subsequent implementation of these meaningful differences in low-and middle-performance units should lead to increased rates of breastmilk use.
METHODS

Research Design
Our study is a retrospective review of an administrative database to identify factors associated with breastmilk use at an infant's discharge to home from the NICU. Cases were prospectively defined as neonates reported at discharge as being fed some breastmilk. Controls were defined as neonates with no report of breastmilk feeding at discharge.
Data Collection
Using a database derived from existing data, and collected during the routine provision of care, we reviewed parents' marital status (choices in database are divorced, separated, single, married), birth weight, estimated gestational age, gender, race (choices in database are white, black, Hispanic, Native American or Asian), maternal age, site of care, type of delivery, Apgar scores, use of prenatal
OBJECTIVE:
To determine if site of care influences rates of breastmilk use in neonatal intensive care units ( NICUs ).
STUDY DESIGN:
Subjects included all admissions to 124 NICUs between 1 / 1 / 1999 and 12 / 31 / 2000 who were subsequently discharged home. We reviewed discharge feeding data collected during the routine provision of care, and used stepwise logistic regression analysis to identify which factors were independently associated with a neonate being discharged on some breastmilk versus none.
RESULTS:
We studied 42,891 neonates; 21,327 ( 49.7% ) were sent home receiving some breastmilk and 21,564 ( 50.3% ) were not. The significant variables associated with being discharged on breastmilk were more mature gestational age, white race, maternal age, parents being married, and site of care. Site of care remained significant even when adjusted for other variables.
CONCLUSION:
Neonates admitted to NICUs are often discharged on feedings that do not include breastmilk. Beyond previously identified risk factors, site of care significantly influences this occurrence. 
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steroids, and characteristics of discharge feeding. Our administrative data set does not include any unique patient identifiers.
Study Population
The study population included neonates discharged from NICUs managed by Pediatrix Medical Group, Inc. who had data entered into our administrative data set between 1/1/99 and 12/31/2000. During this period of time, the population included 57,875 neonates. There were 14,984 patients excluded from the study due to discharge data missing (n=30); acute transfer to another hospital (n=2515); move to a chronic care facility (n=49); transfer for convalescent care (n=1454); death (n=1674); transfer of care to another physician before discharge (n=5191); or lack of data in the discharge feeding field (n=4071). Thus, our study sample included 42,891 neonates for whom the type of feeding at discharge was reported.
Statistical Analysis
Continuous variables (e.g., estimated gestational age and birth weight) were identified and evaluated using two-tailed t-tests. Categorical variables (e.g., race and gender) were evaluated using a two-tailed c-squared test. Nonparametric continuous data were assessed using a Kruskal-Wallis analysis of variance. After univariate analysis (Table 1) , we used multivariate logistic regression to identify factors independently associated with receipt of some breastmilk by neonates discharged to home. We developed our model by incorporating the variables that were found to have significant interactions ( p<0.1) with the rate of breastmilk use at discharge. Variables were entered into the model using a stepwise selection ( p value for entry and retention 0.1). Cases with missing values for any of the independent variables were excluded from the analysis. Only variables with adjusted odds ratio 95% Figure 1 . Percentage of discharged patients who were reported to be receiving some breastmilk, grouped by gestational age and stratified by site characteristics. Figure 3 . Percentage of discharged patients who were reported to be receiving some breastmilk, grouped according to maternal age and stratified by site characteristics.
confidence intervals that did not cross one were considered to have an independent and significant association with breastmilk use.
After developing a multivariate logistic regression model, we did an analysis of site variation (N=124). We excluded 32 sites missing more than 15% of the data on discharge feedings. Another five sites, with less than 50 patients reported to the database, were excluded. We evaluated the performance of 87 sites, and from these 87 sites, we identified 15 low-performing units (reported rate of breastmilk use of 41% and observed/predicted rate <0.8) and 15 high-performing units (reported rate of breastmilk use >60% and observed/predicted rate >1.2). The predicted rate was based on the logistic model derived from the whole sample and the model was used to estimate the number of neonates predicted to be sent home on breastmilk.
RESULTS
We reviewed data on 42,891 neonates; 21,327 (49.7%) were reported to be receiving some breastmilk (cases) and 21,564 (50.3%) were reported to have been receiving only formula at discharge (controls). Univariate analysis showed the following factors were associated with increased likelihood of receipt of some breastmilk: greater birth weight and older gestational age, white race, maternal age, report of parents being married, and site of care (Table 1) .
In multivariate logistic regression including site of care, each of these factors remained significantly associated with breastmilk use. When we controlled for estimated gestational age, race, maternal age, and marital status using multivariate logistic regression, site of care remained a significant independent factor associated with breastmilk use (Figures 1-4) .
We then compared the units with the highest rate of breastmilk use at discharge to those with the lowest breastmilk use and found that the highest rates were in units that served populations with a higher proportion of white patients and a higher proportion of patients whose parents were married and with mothers who were older (Table 2) . However, when we created a variable that identified a patient as being cared for at a high-use site as compared to a lowuse site, we found that being cared for at a high-use site was more important than gestational age, race, marital status, or maternal age in predicting the use of breastmilk. The adjusted odds ratio for breastmilk use at high-use sites compared to low-use sites was 4.2 (95 CI=3.8 to 4.5, p<0.001). The importance of site as an Figure 4 . Percentage of discharged patients who were reported to be receiving some breastmilk, grouped according to marital status and stratified by site characteristics. independent variable associated with breastmilk use is also illustrated by the graph in Figure 5 .
DISCUSSION
This report of breastfeeding rates in 124 NICUs across the country is the largest survey of its type and provides confirmatory information regarding rates of breastmilk use in NICUs. These data confirm that infants dismissed from NICUs are breast fed at lower rates than the national average for all infants at hospital discharge, and that certain demographic factors (estimated gestational age, race, maternal age, and marital status) are typically associated with lower rates. Breastfeeding statistics for the preterm infant have been problematic in the past. Most studies are individual reports of breastfeeding rates in single institutions. These reports, published between 1982 and 1995, have sample sizes of 15 to 85 breastfeeding women, 5 -10 compared with our sample size of 42,891. These singleinstitution reports provide minimal information about national trends and do not allow for analysis of variation among sites.
Our data clearly demonstrate significant site variation that is not explained by differences in case mix. Neonates cared for at highperforming units were four times more likely to go home on breastmilk than neonates cared for at low-performing units, even when controlling for birth weight, estimated gestational age, race, maternal age, and marital status. Figures 1-4 illustrate that highperforming units have higher rates across all demographic groups. Thus, high-use centers overcome challenges of demographics rather than using demographics as an excuse for low performance.
In summary, we have shown that 50% of neonates discharged home from NICUs are not receiving breastmilk. Beyond the case mix, there is significant site variation, suggesting that we can learn from our colleagues how to remove barriers to breastmilk use in the NICU. This study demonstrates that there is significant opportunity and realistic potential for improvement among low-use sites, regardless of demographics. We have undertaken a project to directly observe high-and low-performance sites further, isolate meaningful differences, implement changes, and gather follow-up rates after intervention. Figure 5 . Observed versus predicted data, plotted by percentage breastmilk versus site. All sites are predicted to be close to 50%. In reality, some sites are much lower than predicted and others are much higher.
